Introduction
The response of a structure affected by an earthquake is the result of "filtering" the seismic signal through the structure. A dynamic analysis of a structure requires the previous definition of the accelerogram and the structure characteristics. A complete calculation implies working out the seismic response in all points of the structure; that is, calculating the seismic response in an infinite number of points and in an infinite number of instants. (Meirovitch, 1985) has demonstrated that, with an infinite number of points and instants, the problem has no numerical solution. To solve the numerical problem, models with a finite number of predeterminated points are defined. The response of a structure subject to a seismic movement can be determined by two methods: either using the accelerograms recorded near the site, or using visco-elastic response spectra. The first method can only be used in places where many accelerograms have been recorded, and needs a probabilistic calculation to ascertain the design accelerograms. This procedure can be used for linear and non-linear analyses. In both cases various records of a frequency similar to that expected at the location of the structure, may be used to obtain realistic calculation results. A structural analysis for all the accelerograms considered must be carried out in order to obtain a calculation envelope or carry out the probabilistic study. This procedure implies a significant work. This procedure has the difficulty of finding accelerograms at the location of the structure. In some regions, with a vast history of large earthquakes, such as Japan and California, a wide network of recording stations is available and provides many records for large earthquakes, for different type of soils and for a wide range of distances. In regions of minor seismicity, the network of recording stations is not so wide, or is not old enough, so that the number of records is insufficient. For the analysis of minor seismic activity regions, records from other regions are used, or artificial accelerograms are generated. Artificial accelerograms have the advantage that, from a minimum number of parameters, accelerograms can be obtained.
Fundamentals
Seismic hazard can be defined as the probability of exceeding a parameter of the soil movement, produced by an earthquake, in a location and in a period of time. To unify criteria, UNESCO proposed the commonly accepted definition, given by (UNDRO, 1979) . Hazard (H) is defined by a probability function of the characteristic parameter of the soil movement (S) at a location (x) according to:
P represents the probability of exceeding a threshold value (S 0 ) of the characteristic parameter of the soil movement during the time (t). There are two methods for evaluating the seismic hazard: the deterministic method and the probabilistic method.
Deterministic method
The deterministic method assumes the hypothesis that the seismicity is stationary, considering that earthquakes in the future will be similar to those in the past and estimate the upper limit of the movement, expressed as the maximum value of the parameter. These earthquakes can be real earthquakes that in the past affected the location, or can be deduced from the seismic and tectonic characteristics of the area. The deterministic method can be divided into zoned or not-zoned, in function of how the seismicity distribution is considered. This method presents some advantages and disadvantages. Its main advantage is its easy application. It defines earthquakes that happened in the past and it is easy to suppose that similar earthquakes will happen in the future. However, the probability that those earthquakes will happen is, generally, unknown. The deterministic method estimates the largest earthquake that can affect the location, while the rest of earthquakes are not considered. The sources are characterized by the largest earthquake, and not by its recurrence law. The calculation procedure is (Benito & Jiménez, 1999) :
The arrival of earthquakes to a location is assumed to follow a Poisson´s stationary process (Cornell, 1968; Veneziano et al., 1984) . Under this hypothesis, the hazard function can be expressed as follows:
where λ(S 0 ) is the annual rate of times that the parameter (S 0 ) has been exceeded at the location.
To carry out a study of the seismic hazard, a database of earthquakes that can affect the location must be provided. If the value of the characteristic parameter of the soil movement, during every one of these earthquakes is known and the database is complete, even with the largest earthquakes that can affect the location, the annual rate of exceeding could be calculated according to the following formula:
Where t c is the duration of the database, S k is the value of the characteristic parameter of the soil movement during the k earthquake of the database, and δ is Heaviside´s function:
The formula (4) provides a good estimation of λ(S 0 ) only if all the earthquakes, that can affect the location, have been presented various times during the period of time the database covers. This implies that the database should have a very long duration, probably of thousands of years (Ebel & Kafka, 1999) .
If an instrumental parameter is taken as characteristic of the soil movement, the annual rate of exceeding λ(S 0 ) can't be obtained by means of (4) as there are no databases of enough duration. In this case, the seismic sources and the attenuation laws of the soil movement, from the source to the location, must be analyzed. The steps to follow with this methodology were proposed by (Cornell, 1968) : 1. Seismicity model: definition of the seismogenic areas that can affect the site. If the seismicity can be considered homogenous in the whole seismogenic area, a unique seismicity source of global influence can be defined. 2. Recurrence model. The recurrence model in every seismogenic area must be defined. If it is admitted that the seismicity is distributed randomly and it adjusts to the Gutenberg-Richter law with upper truncation, the parameters of the law (a and b) are characteristics of the model. Moreover, for every area maximum and minimum magnitudes are defined that establishes the validity limits of the model. 3. Attenuation law. Attenuation laws to obtain the selected parameter in function of the distance must be determined in order to evaluate the seismic hazard. The application of these laws over the seismicity of every area, represented by its recurrence law, allows obtaining the result over the site. 4. Probabilistic hazard equation. The estimation of the total hazard is obtained adding up the probabilities obtained by the result of all the areas that affect the site. 
Where λ is the annual rate of earthquakes, occurring in any area, that produce a parameter of the soil movement superior to the reference one at the studied site, n is the number of areas and t is the period of time, in years, considered. The uniform seismic hazard response spectra are those that have the same probability of being exceeded in all the periods, obtained with the methodology proposed by (Cornell, 1968) . 
Seismicity model
Seismicity is defined as the whole description of the seismic phenomena in its origin (Martín, 1984) . Seismicity can be assimilated to a process of punctual events that result from the relaxation of stress that acts over an area. For its study, the spatial distribution of the earthquakes and its occurrence, according to time, must be known. The most appropriate way to study the irregularities of the temporal series of the earthquakes is through a statistical model. The model used in this text is based on the seismogenic areas defined by (Martín, 1984) . A seismogenic area is a source of earthquakes with homogenous seismic and tectonic characteristics. The process of earthquakes generation is spatially and temporary homogenous in every area. The twenty seven areas established for the Iberian Peninsula are based on tectonic, geological, seismic and gravimetrical data. The twenty seven areas are described in Table 1 and Figure 1 .
Recurrence model
The seismicity in every seismogenic area is randomly distributed and it adjusts to the Gutenberg-Richter law. The Gutenberg-Richter law must be truncated, with upper and lower limits, in seismic hazard studies, to consider the magnitude, M max , of the largest earthquake that can occur at the source, and to avoid considering earthquakes of magnitude less than M min respectively. The probability density function of magnitude for GutenbergRichter law is:
The seismicity in every seismogenic area is defined by the following parameters: 1. The maximum and minimum magnitude. The maximum magnitude in every seismogenic area has been determined by (Martín, 1984) from seismic and tectonic considerations. The minimum magnitude in all areas is 5.0. Lower earthquakes are not considered dangerous. The b-value and the annual rate of earthquakes can be obtained from Table 2 . Annual rate of earthquakes and b-value for the seismogenic areas of Spain and Portugal
Attenuation model
The characteristic parameter of the soil movement is the acceleration or relative velocity response spectrum for 0, 2, 5, 10 or 20 percent damping. The coefficients for the attenuation laws can be obtained from (Morales-Esteban, 2010).
Probabilistic hazard equation
It is admitted that the arrival at the site of earthquakes that exceed the reference value, log S 0 , follows a Poisson stationary process, defined by Gutenberg-Richter law of constant λ i :
The seismic rate of the punctual source is υ i and f(M) is the probability density function of magnitude (equation 7). If N punctual seismic sources hit simultaneously the site, the rate λ of arrivals at the location that exceed the reference value log S 0 is:
The probability of exceeding the reference value logS 0 during a time t caused by the simultaneous action of N punctual seismic sources is:
Its return period can be obtained from:
Equation (10) can't be applied to the hazard calculation as the seismogenic areas have been modeled as areas and not as punctual seismic sources. To solve this problem, the seismogenic areas are divided into elements small enough to be assimilated to punctual seismic sources (Figure 2 ). Every seismogenic area is divided into N square elements, small enough, so that the seismicity of every one of these squares is assumed to be concentrated in its center. Every seismogenic area is divided into N punctual seismic sources. Every one of them has an earthquake occurrence rate υ i =υ/N, where υ is the seismic rate of the whole seismogenic area.
Resolution of the hazard probabilistic equation
A computer program that divides the seismogenic areas into punctual seismic sources that affect a site, that integrates numerically equation (8) and calculates the probability of exceeding with equation (10) has been developed. With this method the probability of exceeding has been calculated for some values of the acceleration response spectra for an exposure time of 50 and 100 years for the cities of Seville as Granada. This way a hazard plot of seismic hazard is obtained and is shown in Figure 3 . If this process is repeated for various periods of the structure and, for every hazard plot, the spectrum curve for the same probability of exceeding is obtained, and a uniform seismic hazard response spectrum can be obtained, point by point, as shown in Figure 4 .
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Application to Seville and Granada
Seismic hazard curves for the acceleration spectra in Seville and Granada have been obtained. Figures 5 and 6 show the curves for a period of 0.5 s, for a 5% relative damping and a time of exposure of 50 years, as a function of the soil type for Granada and Seville, respectively. Figure 7 compares the seismic hazard curves for Granada, as a function of the relative damping, for an acceleration response spectrum of period 0.20 s and for a time of exposure of 50 years. Figure 8 represents the hazard curves for Seville and Granada in hard soil for a period of 0.50 s, a relative damping of 5% and an exposure time of 50 years. Figure  9 compares the seismic hazard curves for Granada as a function of the time of exposure (50 and 100 years) in rock, for a period of 0.50 s and a relative damping of 5%. Following the methodology described in this text, the uniform seismic hazard acceleration response spectra for the cities of Seville and Granada, for a relative damping of the 5%, a probability of exceeding of the 5% and a time of exposure of 50 years, which is equivalent to a return period of 975 years, have been obtained. In figures 10 and 11, the uniform seismic hazard response spectra for Granada and Seville, respectively, are compared as a function of the soil type. Figures 12, 13 and 14 compare the uniform seismic hazard response spectra in rock, hard soil and soft soil, respectively, for the two sites (Seville and Granada). Fig. 4 . Scheme of construction of a uniform seismic hazard response spectrum from the seismic hazard plots.
Assessment of design accelerograms
The procedure to estimate design accelerograms is: 1. The time of exposure of structure is established according to the hazard level. 2. The admitted probability of exceeding is established, normally a 5-10%, according to the hazard level. 3. The uniform seismic hazard acceleration response spectra for the site are calculated according to the type of soil and the required level of hazard (time of exposure and probability of exceeding). 4. In the database of accelerograms, registered in the same type of soil of the site, records are examined. The scale factor, f, between the logarithm of the calculated uniform seismic hazard spectrum and the logarithm of the response spectrum corresponding to the real spectrum, that minimizes the standard deviation, s, is calculated. So, if S R is the response spectrum correspondent to the real register, and S C is the calculated response spectrum, the standard deviation is: The scale factor that minimizes the standard deviation is:
The sum is extended to the 25 periods for which the uniform seismic hazard response spectrum has been calculated. Comparison of the uniform seismic hazard acceleration response spectra for different soil types. Granada site, probability of being exceeded 5%, relative damping 5% and time of exposure 50 years. Fig. 11 . Comparison of the uniform seismic hazard acceleration response spectra for different soil types. Seville site, probability of being exceeded 5%, relative damping 5% and time of exposure 50 years. Comparison between Seville and Granada of the uniform seismic hazard acceleration response spectrum in soft soil. Probability of being exceeded 5%, relative dumping 5% and time of exposure 50 years.
Estimation of calculation accelerograms for San Pedro Cliff at the Alhambra (Granada)
As an example of the methodology presented in this paper calculation accelerograms for San Pedro Cliff at the Alhambra of Granada are obtained. First, the acceleration response spectrum for San Pedro Cliff is calculated in rock (V s ≥750 m/s), for a probability of exceeding of the 5% and a time of exposure of 50 years, which is equivalent to a return period of 975 years. The accelerograms have been obtained from the European earthquake database that can be consulted from the internet: http://www.isesd.cv.ic.ac.uk/. the Alhambra in Granada is one of the most important national monuments in Spain. This monument, a World Heritage site, is located on the top of a red hill that dominates a plain, the Granada basin, where most of the city is placed. One of the most important rivers of the region, River Darro, flows into the basin and is situated on the western part of the city. The Alhambra's walls are close to the escarpments generated by the incision of this river. Slope instability of the escarpments on this side of the Alhambra hill has been a critical problem since the construction of this palace. In this area, San Pedro Cliff (figure 15), a dihedral 65.5 m high, is the steepest escarpment of the Alhambra hill. This eroding cliff reaches to 23.8 m from the Alhambra palace wall. Retreat of this cliff has occurred through superficial slab falls mainly induced by the floods of the Darro River, the loosening produced by the extensional tectonic regime, erosion, seepage coming from the Alhambra palace and earthquakes. Granada basin presents several sets of faults, most notably those E-W and NW-SE orientations. Conspicuous NW-SE faults are present in the eastern part of the basin, some of which limit the Granada basin. These faults are normal, mostly with a NW-SE orientation, and dipping towards the SW. These NW-SE faults cross-cut and displace previous E-W faults, defining the main subsiding areas of the central and eastern part of the basin. A site investigation was conducted by (Justo et al., 2008 Figures 16 to 25 represent the uniform seismic hazard acceleration response spectra for San Pedro Cliff at the Alhambra of Granada and the response spectra of the real earthquakes with better adjustment. The scaled spectrum that minimizes the standard deviation has also been plotted. The records data that minimize the standard deviation are shown in Tables 3 and 4 . Fig. 16 . Seismic hazard acceleration response spectra for San Pedro cliff at the Alhambra in Granada. Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years. Comparison between the calculated uniform acceleration response spectrum, the spectrum corresponding to record 128 from the catalogue and the spectrum scaled to minimize the standard deviation. Fig. 17 . Seismic hazard acceleration response spectra for San Pedro cliff at the Alhambra in Granada. Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years. Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 201 from the catalogue and the spectrum scaled to minimize the standard deviation. . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 361 and the spectrum scaled to minimize the standard deviation. Fig. 19 . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 365 and the spectrum scaled to minimize the standard deviation. . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 990 and the spectrum scaled to minimize the standard deviation. Fig. 21 . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 5826 and this spectrum scaled to minimize the standard deviation. . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the uniform response spectrum, the spectrum corresponding to record 6265 and the spectrum scaled to minimize the standard deviation. Fig. 23 . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years. Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 6270 and the spectrum scaled to minimize the standard deviation. . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 6331 and the spectrum scaled to minimize the standard deviation. Fig. 25 . Seismic acceleration response spectra for San Pedro cliff at the Alhambra (Granada). Probability of being exceeded 5%, relative dumping 5%, rock, time of exposure 50 years.
Comparison between the calculated uniform response spectrum, the spectrum corresponding to record 7480 and the spectrum scaled to minimize the standard deviation. Table 3 . Information about the records whose typical deviation is minor in relation to the uniform seismic hazard acceleration response spectra for San Pedro Cliff at the Alhambra in Granada for a 5% probability of being exceeded, an exposure time of 50 years over rock and a relative damping of the 5% Table 4 . Information about the records whose typical deviation is minor in relation to the uniform seismic hazard acceleration response spectra for San Pedro Cliff at the Alhambra in Granada for a 5% probability of being exceeded, an exposure time of 50 years over rock and a relative damping of the 5%
